The effi cient reuse of homogeneous catalyst is important. P-NMR), element analysis (EA), and high resolution mass spectrometry (HR-MS). The complex was used as a catalyst for the hydrogen transfer reduction of carbonyl for the fi rst time, presenting an excellent catalytic performance of 89%-98% conversion of acetophenone and its derivatives. The catalyst may be effi ciently reused by the electro-adsorption of 10 times to one catalyst recovery. The cation [Ru] complex presented advantages of both homogeneous and heterogeneous catalysts.
INTRODUCTION
Organometallics are widely used as reagents or catalysts in organic synthesis [1] [2] [3] . The use of organometallics allows for the cleavage and recombination of various chemical bonds, especially in the catalysis of organic transformation, such as reduction of olefi n, carbonyl, and imine 4-6 , the oxidation of alcohol and aldehyde 7- 8 , and activation of C-H bond and small inert molecule, such as nitrogen 9-10 . However, compared with its outstanding homogeneous catalysis, the catalytic effi ciency of heterogenize organometallics decreases, sometimes drastically, through a variety of ways based on the catalyst separation and reuse. So far, the reconcile of the catalytic effi ciency for repeated use is very diffi cult. However, the use of homogeneous catalyst containing noble metal for industrial application is expensive. Although many methods exist for the heterogenization of organometallics 11 , new heterogenization methods continue to emerge, such as nanotechnology 12 , metal organic framework 13 and magnetic recovery
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. These heterogenization methods, including the traditional immobilized technology, could be divided into two types: the immobilization by the modifi cation of organometallics, like the connection to inorganic and organic support; and change in the forms of organometallics, like nanometer scale and skeleton structure dimension. In addition, regardless of the type of method, some changes in the electronic and steric properties in organometallics were observed, thus the catalytic performance of organometallics would change to some extent. Therefore, the new method for the heterogenization and the reuse of organometallics catalyst is expected to be created as soon as possible. However, the ionic organometal presented an excellent catalytic performance of carbonyl reduction, coupling reaction and others 15-18 . Ionic [Ru] arene thioamide complex could effi ciently catalyze the transfer hydrogenation of carbonyl to obtain the best yield of 99% under mild conditions 19 ; however the life of the catalyst was not enough, which was necessarily solved for the further industrial application. Fortunately, focusing on the ionic Ru catalysts, you will fi nd the charge in ionic Ru complex, which may aid in the catalytic separation after use. This paper reports a new type of ionic Ru complex for the transfer hydrogenation of aryl ketones. Furthermore, the separation and reuse of catalyst is tried by electric-adsorption adopting the charge on the catalyst.
EXPERIMENTAL DETAILS

Material and methods
Unless otherwise stated, all reagents were deoxidized into nitrogen environment by refl ux or vacuum before use. Ru(η 6 -p-cymene)Cl 2 complex was obtained from Zhejiang Metallurgy Research Institute, PPh 3 , NH 4 PF 6 , and acetophenone and its derivatives were purchased from Aladdin Company in Shanghai. The glassy carbon electrode (45 mm . 25 mm . 3 mm) which was ordered from the United States, was delivered by Tianjin AID Ahengsheng Science-Technology Development Co., Ltd, Other materials were purchased from local suppliers .
Infrared spectrum (IR) was recorded on a Thermo Fisher IR200 FT-IR spectrometer as a KBr pellet. Nuclear magnetic resonance (NMR) spectra were collected with a Bruker Avance-400 spectrometer in CDCl 3 . Microanalyses were performed with a Perkin-Elmer 2400 Series-II elemental analyser (EA). HRMS mass spectrometry was conducted on an Agilent (6500 series Q-TOF) mass spectrometer. An INESA UV-723 spectrophotometer with1-mm cells was used for measurements of the absorbance and derivative absorption spectra.
Catalyst preparation and characterization
The improved preparation of the catalyst was performed through the two steps stated below on the basis of the reported literature 20-21 .
Preparation of RuCl 2 (η 6 -p-cymene)(PPh 3 )
Ru(η 6 -p-cymene)Cl 2 (0.64 mmol) and PPh 3 (1.28 mmol) were placed into a three-neck fl ask with 30 mL of dry methanol under nitrogen atmosphere, and the mixture was heated to refl ux with stirring for 24 h. After cooling, solid precipitation was formed, subsequently, the reddish brown powder was obtained by the fi ltration and drying in vacuum, and the yield was 84%. FT 4 ]PF 6 (0.75 mmol) were placed into a three-neck fl ask with 30 mL of dry CH 3 CN under nitrogen atmosphere, and the mixture was heated to refl ux with stirring for 0.5 h. After cooling, the solvent was removed under reduced pressure. The oily precipitation produced after the dry CH 2 Cl 2 extraction and hexane addition, and the wet solid was obtained after the supernatant was removed by suction and the solvent was removed by pumping. Finally, the yellow powder with a yield of 86% was collected after the remainder was washed with ether and dried in vacuum. 
Procedure for catalytic transfer hydrogenation
The typical process for the catalytic transfer hydrogenation of acetophenone is as follows: 25 mL of dry isopropanol and 5.2 mmol of dry acetophenone were poured into a three-neck fl ask under nitrogen atmosphere, and 2.6 x 10 -5 mol of [RuCl(η 6 -p-cymene)(CH 3 CN) (PPh 3 )]PF 6 and 5.2 x 10 -4 mol KOH were introduced with stirring. Then, the mixture was heated under the desired temperature. The reaction time was determined by TLC (silica gel plate, developing agent V mineral ether / V acetic ether = 8/1).
After cooling, the reacted liquid was fi ltered into the special three-neck fl asks with the caliber size of 30 mm of both sides and 19 mm of middle under nitrogen atmosphere, and a pair of panel glassy carbon electrode was placed into the fl ask (Fig. 1) . The improved procedure of the catalyst recovery was as follows based on the reported description
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. Under a stream of nitrogen, the panelelectrode was electrifi ed under a voltage of 1.0 V for 5 min and the power was cut off. Then the electrode was taken out and immediately immersed into another fl ask using a similar procedure as above with an equal reaction liquid without catalyst, and instantaneously reverse current was put through to take off the adsorbed catalyst into the reaction liquid. A sample of the residual liquid was taken for determining the concentration of Ru complex by the atomic absorption spectra using external standard method 23 . The adsorption-desorption process was repeated 10 times. The remaining liquid was subjected to GC analysis (PEG-20M capillary column, FID detector, 185 o C column temperature), and the collected catalyst was tested for the repeated catalytic performance of transfer hydrogenation of acetophenone.
RESULTS AND DISCUSSION
Catalyst analysis
Ionic organometallics with the distinctive ligands exhibit different catalytic properties. Ionic ruthenium complex combined with p-cymene ligand may effi ciently catalyze the reduction of carbonyl
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. The ionic ruthenium complex in Figure 2 was conveniently synthesized from the starting material of RuCl 2 (η 6 -p-cymene) by ligand exchange and ionization, and characterized by NMR, EA and HRMS, which also confi rmed the complex structure compared with the data reported in the literature 24 . Moreover, HR-MS in Figure 3 provided further information on the structure of the complex. The 574.1003 cation fragment was attributed to the molecular ion of the complex, and the 533.0736 and 145.1256 cation fragments were ascribed to [RuCl(η 6 -p-cymene)(PPh 3 )]PF 6 and PF 6 -ion, respectively, and a series of fragments from organic ligand in the complex were observed. In addition, the -pcymene)to inconveniently carry out the catalytic reaction and workup, As shown in Figure 2 , the representative complex with four different ligands was relatively stable due to the concert of the four ligands to ruthenium, which was signifi cant to catalysis. At the same time, the positive charge on the complex may help the catalyst capture the carbonyl to be reduced, and then anion PF 6 -as a whole was slightly deviated from the ruthenium center 24-25 . These fi ndings provided the structural basis for the complex catalyst recovery of electric-adsorption after the catalytic transfer hydrogenation of aryl ketones.
Catalytic reactions
The complex of ionic [Ru] can effi ciently catalyze the transfer hydrogenation of carbonyl. In view of the reported results of the ruthenium complexes for the catalytic transfer hydrogenation of carbonyl
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, KOH and isopropanol, which were selected as alkali and hydrogen donor in the reaction system, respectively, the reaction temperature was referred to room temperature and 82 o C, and the reaction time was determined by TLC for the real time tracking. Table 1 shows the obtained results with the phenylethanol product, and it clearly presents that the catalytic reaction to the balance with the increase of the ratio of substrate and catalyst (S/C), and higher the temperature was, shorter the reaction time was. The optimal reaction conditions were the S/C molar ratio of 200, 82 o C of the temperature, and 2 h of the reaction time, and the corresponding conversion of acetophenone to phenylethanol was 97%. Compared with other ionic [Ru] complex for the reduction of carbonyl
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, the reaction was not required to be performed for long time according to TLC analysis. Thus, it was speculated that the concerted coordination of four different ligands, which were differently capable of steric and electronic effects, to the center metal of Ruthenium played an important role in catalysis. Moreover, for the catalytic reaction, the catalyst was perhaps simple and better in terms of structure and composition for the design or choice.
In order to investigate the substrate scope of the catalyst, especially the infl uence of electrical difference of the substrate on the catalytic performance, the acetophenone derivatives with methyl or nitro were selected as substrate reactants for the test under the above optimal conditions, and the catalytic results are listed in Table 2 . In addition, the outcomes of both TLC analysis and IR spectra illustrated that the nitro substituent in substrates was not reduced. Obviously, the catalyst indicated the good performance of acetophenone derivatives to the corresponding alcohol compounds; however, the catalytic results were different with acetophenone from methyl or nitro derived from the electrical nature of the group. The substituted position in the acetophenone indicates that the reaction time was also discriminative. By the catalytic reduction of acetophenone as a reference, for the nitro as electron withdrawing group, the catalytic results were better with shorter reaction time, and the catalytic conversions were higher than that of acetophenone, with the conversion of up to 99% to the acetophenone of 4-NO 2 . While for the methyl as electron-donating group, the catalytic conversion relatively decreased with longer reaction time, and the conversion was only 92% for the acetophenone of 3-CH 3 . However, here the catalytic effi ciency of the ionic [Ru] complex was no less than that of other Ru catalysts modifi ed by fi ne ligands
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for the transfer hydrogenation of aryl ketones. The probability of collision between the catalyst and carbonyl increased, whereas the enhanced interaction between ionic [Ru] and carbonyl polarization from the electron withdrawing group were positive, on the contrary, the electron-donating group was passive.
The reaction mechanism of the transfer hydrogenation of carbonyl catalyzed by Ruthenium complexes 28, 31-32 , which might reasonably describe the process of the catalytic reaction, is discussed here. From the result of the catalyst HR-MS, the acetonitrile ligand in the catalyst was weakly coordinated to ruthenium, thus, it was dissociative from ruthenium, resulting in the coordination unsaturation of the central Ruthenium. In addition, the elimination of chlorine happened by the exchange of K--isopropoxide, simultaneously leading to the formation of Ru-H species with the release of acetone. Under the help of the charge adsorption of ionic ruthenium, quickly the insertion of aryl ketone to Ru-H species was in progress. Finally the alcohol metathesis was undergone with the generation of aryl alcohol product and the recovery of original catalyst. The cationic part in the catalyst was involved in the catalytic process, and very to the light damage of catalyst besides the loss during the operation due to the probable damage to the active structure by electric-adsorption. However it was kept that the high catalytic performance of the homogeneous catalysis, showing the merit of the easy separation of the heterogeneous catalyst compared with the conventional heterogenization of noble metal catalyst 11- 13 . It was seen that here was the perfect combination the homogeneous catalysis with the heterogeneous one by the ionic [Ru] , and the homogeneous catalyst with the recovery by electric-adsorption exhibited the feature of the high activity and recycling. However, the repeated operation of the electric-adsorption process perhaps resulted in the damage of catalyst, which needs to be improved from the aspects of electrode plate materials and the operation process.
CONCLUSION
Ionic ruthenium complex containing four different ligands was readily synthesized for the catalytic transfer hydrogenation of aryl ketones. The complex exhibited excellent catalytic performance with 97% conversion of acetophenone, which was no less than that of other catalysts. The scope of the substrate was wide with >89% conversion. The advantages of the ionic ruthenium catalyst include recovery and reuse by electric-adsorption method, which broadened the catalytic approach to heterogenizationin a certain sense. Thus, it may be realized that the high catalytic effi ciency in homogeneous catalysis and the easy of the separation of catalysts after heterogeneous catalysis. However, this process still needs further improvement.
likely the anionic portion did not directly joined in the catalytic reaction.
Recycling test of catalyst by electro-adsorption
The used catalyst was ionic and the result of crystal diffraction analysis to similar ionic organometallics 24, 26 revealed that both of cationic and anionic portions were not close together like the dissociation of inorganic compound in water. Thus, both ions can shift in the direction of the fi eld of electricity and several aggregating two electrodes, such as seawater desalination by electric adsorption 33 . In this study, the catalyst recovery was based on the above electric-adsorption principal. In the experiments, we found that ionic [Ru] could not be completely adsorbed once for recovery, Figure 4 shows that the concentration of the ionic [Ru] in residual liquid after decreased from the high end of range with the increase in number of times of electric-adsorption, and the catalyst concentration was less than <10 -5 mmol/L after 10 times adsorption. Based on the above results, ionic [Ru] recycling test was carried out after collecting the catalyst for 10 times through the electric-adsorption, and the test results are listed in Figure 5 under the optimal conditions. The reusability of the catalyst was good, and the catalytic conversion could still maintain up 90% after 5 cycles. This indicated that the electrical recovery of the catalyst could not destroy the structure of the catalyst; otherwise the catalytic activity would seriously decrease or even lose. Moreover, the part loss of catalytic activity was related
